1. Introduction
===============

In the U.S., 30% of health care expenditures are due to hospitalizations. While individual-level health conditions and behaviors play a role in adverse health outcomes, they are also influenced by socioeconomic factors including individual- and neighborhood-level socioeconomic status (SES). In prior work, neighborhood-level SES has been shown to predict individual-level hospitalizations in the general population.^\[[@R1]--[@R8]\]^ Some studies do not control for individual SES,^\[[@R2],[@R5],[@R6],[@R8]\]^ others examine a particular hospital or region,^\[[@R2],[@R3],[@R5]--[@R8]\]^ a few look at cause-specific hospitalization only,^\[[@R4],[@R8]\]^ or focus on readmissions.^\[[@R3],[@R4],[@R6]\]^ Individuals in low SES neighborhoods may be at greater risk for hospitalization, in part, because these neighborhoods are composed of residents with lower SES who may have a greater burden of disease. Additionally, these neighborhoods may play a role above and beyond individual SES in that they may also lack access to necessary health care facilities, trained providers, and neighborhood resources (e.g., walkable sidewalks, nutritious food sources, etc) that promote health.^\[[@R9]--[@R11]\]^

Patients with chronic kidney disease (CKD) experience significant morbidity with a 38% higher hospitalization rate than the general population; a rate that increases significantly during the year prior to reaching end-stage renal disease (ESRD).^\[[@R12]--[@R14]\]^ CKD is also associated with longer length of stay and greater risk for re-hospitalization.^\[[@R12],[@R15],[@R16]\]^ In individuals with CKD, neighborhood-level SES has also been associated with CKD progression.^\[[@R17],[@R18]\]^ To the best of our knowledge, the independent role of neighborhood SES on hospitalizations for individuals with CKD has not been explored.

The Chronic Renal Insufficiency Cohort (CRIC) Study is an ongoing multi-site, prospective cohort study of a diverse CKD population that provides a unique opportunity to examine the association between neighborhood SES and hospitalization in patients with CKD. We sought to examine whether the risk for hospitalization increases with lower neighborhood SES after accounting for individual-level characteristics. Understanding the relationship between neighborhood SES and risk for hospitalization among patients with CKD may provide useful information for clinicians, health care administrators, and policy makers, who are seeking ways to reduce the substantial burden of hospitalization among these patients.

2. Materials and methods study design and population
====================================================

The CRIC Study is a long-term, observational cohort study which includes 3939 adults aged 21 to 74 years with a broad spectrum of CKD severity.^\[[@R19]\]^ CRIC participants were recruited between June 2003 and August 2008 at 7 centers in the U.S. (Baltimore, MD; Philadelphia, PA; Cleveland, OH; Ann Arbor, MI; Chicago, IL; New Orleans, LA; and Oakland, CA). They were enrolled using age-specific estimated glomerular filtration rate (eGFR) inclusion criteria.^\[[@R19]\]^ The CRIC study was approved by the local institutional review board at each clinical center, and participants provided written informed consent. The study protocol and baseline characteristics have been described previously.^\[[@R20],[@R21]\]^

2.1. Independent variable
-------------------------

The main exposure of interest was neighborhood SES. Neighborhood-level SES was assessed using census-derived variables obtained by geocoding each participant\'s home address at baseline to the 2000 U.S. Census block groups. Block groups are census-defined contiguous areas of approximately 1000 people which are meant to be homogenous with respect to population and economic characteristics.^\[[@R22]\]^ Census-based SES measures derived from the 2000 U.S. Census Summary File were assigned to each participant. We used a previously validated method to construct a summary measure of neighborhood-level SES using z-scores for 6 census-derived variables including median household income; median value of housing units; percentage of households receiving interest, dividend, or net rental income; percentage of adults 25 years of age or older who completed high school; percentage of adults 25 years of age or older who completed college; and occupation (percentage of employed persons 16 years of age or older in executive, managerial, or professional specialty occupations).^\[[@R22]\]^ We also used the census block group as a clustering variable.

2.2. Outcomes
-------------

Our primary outcome was all-cause hospitalization from study entry through 2014. Secondary outcomes included cardiovascular (CV) and non-CV hospitalizations. Hospitalizations were ascertained every 6 months by participant report and confirmed by queries of local hospitals. Hospitalizations were categorized using the Agency for Healthcare Research and Quality (AHRQ) Clinical Classifications Software (CCS) multi-level categorization scheme based on the first position ICD-9 code.^\[[@R23]\]^ Any hospitalization within diseases of the circulatory system' category was designated as CV, and all others as non-CV.

2.3. Covariates
---------------

Detailed information for age, sex, individual SES (marital status, individual education, income, health insurance, and employment status), medical history, and medications were self-reported at screening and baseline. Anthropometric measures (height, weight, body mass index \[BMI\]) and blood pressure were measured by trained study personnel using standard, validated protocols. Diabetes mellitus was defined as fasting glucose level ≥126 mg/dl, non-fasting glucose level ≥200 mg/dl, or use of insulin or oral hypoglycemic medications; hypertension was defined as systolic blood pressure ≥140 mm Hg, diastolic blood pressure ≥90 mm Hg, or use of antihypertensive medications. Glomerular filtration rate (GFR) was estimated annually using the Chronic Kidney Disease Epidemiology Collaboration creatinine equation.^\[[@R24]\]^ A 24-hour urine sample collected at study entry was used to measure albumin excretion.

2.4. Statistical analyses
-------------------------

Descriptive statistics were summarized as mean (standard deviation) or median (interquartile range) for continuous variables, and frequency (proportion) for categorical variables. Chi-squared tests and analysis of variance were used to compare categorical and continuous variables, respectively. Unadjusted and adjusted rates of hospitalization (rate ratio \[RR\], 95% CI) by neighborhood SES quartiles were calculated, and differences were assessed using a Poisson regression model with length of follow-up as an offset term to account for varying duration of follow-up, taking into account clustering within clinical center and census block groups. For multivariable analyses we used the following nested modeling approach: Model 1 included demographic characteristics (clinical site, age, sex, race/ethnicity); Model 2 added individual SES (income, education, occupation) and health insurance; and Model 3 added clinical factors (BMI, smoking, diabetes, systolic blood pressure, medications \[ACEI/ARB, aspirin, statin\], eGFR, and albuminuria). We tested for potential effect modification by age (\<65 versus ≥65 years), sex (men versus women), race (non-White versus White), and baseline eGFR (\<45 versus ≥ 45 ml/min/1.73 m^2^), by adding an interaction term between the exposure and each potential effect modifier to the final model.^\[[@R25]--[@R29]\]^ Consistent with prior analyses, we also included interaction terms to test for potential interaction of area and individual-level SES.^\[[@R17]\]^ All analyses were performed using SAS 9.4 (SAS Institute Inc., Cary, NC).

3. Results
==========

3.1. Participant characteristics at baseline
--------------------------------------------

Of the 3939 participants, 648 were not included in the study because the residential address could not be geocoded and therefore their census block group could not be obtained. For the 3291 participants included in these analyses, the mean age was 57.8 years, 55.0% were male, 41.2% non-Hispanic white, 49.0% had diabetes, the mean eGFR was 44.2 ml/min/1.73 m^2^, and median albuminuria was 60 mg/24 hour (Table [1](#T1){ref-type="table"}). Compared with the full CRIC study cohort, participants with available census block group data had similar demographic characteristics (sex, race, marital status, employment status, and education) and prevalence of comorbidities (including diabetes, hypertension, and cardiovascular disease \[CVD\]) at baseline (See Supplemental Digital Table 1). Excluded individuals had higher eGFR (45.5 versus 44.2 ml/min/1.73 m^2^) and less albuminuria (0.6 versus 0.7 g/24 hour), *P* \< .05.
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3.2. Cohort characteristics by neighborhood SES
-----------------------------------------------

By design, the cohort was evenly divided into neighborhood SES quartiles (Table [1](#T1){ref-type="table"}). Compared to the highest SES quartile (Q4), individuals living in the lowest SES quartile (Q1) were younger (57.1 versus 59.1 years), more likely to be non-Hispanic Black (67.9% versus 15.6%) and Hispanic (20.8% versus 3.4%), and less likely to be married (37.9% versus 68.5%). In addition, individuals in the lowest SES neighborhoods were significantly more likely to have a household income of less than \$20,000 (55.8% versus 8.0%), have less than high school education (42.3% versus 3.4%), and to be unemployed (10.9% versus 2.2%). Individuals in the lowest SES neighborhoods had more comorbidities including a higher prevalence of diabetes (56.5% versus 33.8%), hypertension (93.0% versus 76.1%), and history of CVD (35.5% versus 25.2%). In addition, individuals living in the lowest SES neighborhoods had higher BMI (32.8 versus 30.3 kg/m^2^), higher systolic blood pressure (133 versus 121 mm Hg), higher HgbA1c (7.0% versus 6.2%), lower eGFR (42.4 versus 47.3 ml/min/1.73 m^2^), and higher albuminuria (120 versus 30 mg/24 hour).

3.3. Association of neighborhood SES with hospitalizations
----------------------------------------------------------

Over a median of 8.5 years of follow-up, we identified a total of 20,048 hospitalizations. The overall rate of hospitalization per 100 person-years of follow-up was 78 (18 CV-related and 60 non-CV-related). Unadjusted rates by quartile of neighborhood SES overall and stratified by age (\<65 versus ≥65 years), sex (men versus women), race (non-White versus White), and baseline eGFR (\<45 and ≥45 ml/min/1.73 m^2^) are presented in Figure [1](#F1){ref-type="fig"}.
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In the initial Poisson regression model which was adjusted for demographic factors (Model 1: age, sex, race/ethnicity), individuals in the lowest neighborhood SES quartile had a 59% greater all-cause hospitalization rate (RR 1.59, 95% CI, 1.36--1.85) compared to those in the highest neighborhood SES quartile (Table [2](#T2){ref-type="table"}). After additional adjustment for individual-level SES (Model 2: income, education, occupation, health insurance) and clinical factors (Model 3: BMI, smoking, diabetes, systolic blood pressure, medications \[ACEI/ARB, aspirin, statin\], eGFR, albuminuria), a significant difference in all-cause hospitalization risk persisted (RR 1.28, 95% CI, 1.09--1.51, Table [2](#T2){ref-type="table"}). Compared to the highest neighborhood SES quartile, all other neighborhood SES quartiles had significantly greater all-cause hospitalization rates (quartile 1 (Q1), lowest SES, RR 1.28, 95% CI, 1.09--1.51; Q2, RR 1.31, 95% CI, 1.13, 1.51; Q3, RR 1.15, 95% CI, 1.01, 1.31) in the fully adjusted model. Due to missing health insurance (n = 435) or urine albumin (n = 147), 578 individuals were excluded from the final regression model (See Supplemental Digital Table 2).
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Association of neighborhood SES with hospitalizations (rate ratio, 95% CI).
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Patterns for non-CV hospitalization were similar. In Model 1 (adjusted for demographic factors), individuals in the lowest SES neighborhood category had a 62% greater hospitalization rate (RR 1.62, 95% CI, 1.38--1.85) compared to those in the highest SES neighborhood category (Table [2](#T2){ref-type="table"}). In Model 3 (adjusted for demographic, individual-level SES, and clinical factors), individuals in the lowest SES neighborhood category had a 30% greater non-CV hospitalization rate than those in the highest SES neighborhood category (RR 1.30, 95% CI, 1.10--1.55). Compared to the highest SES neighborhood categories, all other neighborhood SES quartiles had significantly greater non-CV hospitalization rates (quartile 1 (Q1), lowest SES, RR 1.30, 95% CI, 1.10--1.55; Q2, RR 1.32, 95% CI, 1.13, 1.54; Q3, RR 1.14, 95% CI, 1.00, 1.30) in the fully adjusted model. The association for CV hospitalization was in the same direction but not statistically significant. In Model 1, individuals in the lowest SES neighborhood category had a 48% greater hospitalization rate (RR 1.48, 95% CI, 1.21--1.81) compared to those in the highest SES neighborhood category. However, this association was no longer significant after accounting for individual-level SES.

We found evidence of significant effect modification by age and race. The fully adjusted HR (95% CI) for stratified analyses are shown in Figure [2](#F2){ref-type="fig"}. Among individuals younger than 65 years, residing in the lowest SES neighborhood category was associated with 36% increase in all-cause hospitalization (RR 1.36, 95% CI, 1.12--1.65), 37% increase in non-CV hospitalization (RR 1.37, 95% CI, 1.12--1.67), and a 33% increase in CV hospitalization (RR 1.33, 95% CI, 1.01--1.76), compared to the highest SES neighborhood category. These associations were not statistically significant in individuals 65 years or older. Among white individuals, there was 56% increased risk of all-cause hospitalization in the lowest vs highest neighborhood SES quartile (RR 1.56, 95% CI, 1.17--2.07); the corresponding RR (95% CI) among non-whites was 1.38 (1.11--1.71). Furthermore, among whites, there was a 75% increased risk of CV-hospitalization in the lowest vs highest neighborhood SES quartile (RR 1.75, 95% CI, 1.23--2.50), but this association was non-significant association in non-whites (RR 1.24, 95% CI, 0.91--1.69).
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4. Discussion
=============

In a large and diverse cohort of individuals with CKD, individuals in low SES neighborhoods experienced markedly higher rates of hospitalization. Although individuals in lower SES neighborhoods had lower income and education and a greater burden of disease, we found a higher hospitalization risk even after controlling for individual-level SES and clinical characteristics determined at baseline.

In the general population, the evidence on neighborhood SES and hospitalization burden has been limited. One prior study in California found that individuals with low SES in high SES had higher hospitalization rates than similar individuals in low SES neighborhoods.^\[[@R1]\]^ In several studies, low neighborhood SES was associated with a higher risk for hospital readmission even after adjusting for individual SES and clinical characteristics.^\[[@R3],[@R4],[@R6]\]^ Other studies have found an association between community SES and hospitalization rates in the general population or in other subpopulations,^\[[@R7],[@R8]\]^ but no studies have found an independent association between increasing hospitalizations and low community-level SES while adjusting for individual SES within the general population or in patients with CKD. Our work extends these findings by providing evidence for the independent effect of low neighborhood SES on hospitalization among individuals with CKD.

Factors impacting hospitalization are particularly salient for individuals with CKD. Compared to the general population, individuals with CKD experience a higher hospitalization rate, longer length of stay, and greater risk for re-hospitalization.^\[[@R12]--[@R16]\]^ While other studies have examined the impact of demographic and clinical risk factors (i.e., age, severity of CKD, CVD, and anemia) on hospitalization in CKD patients,^\[[@R14],[@R15],[@R30]\]^ our study found an independent association of neighborhood SES with hospitalization.

Our findings for individuals with CKD differed from prior work in non-CKD populations in several ways. First, we did not find a consistent relationship between neighborhood SES and risk for CV hospitalizations which is in contrast to studies in non-CKD populations.^\[[@R31]--[@R33]\]^ However, we found the relationship between neighborhood SES and CV hospitalization was significant for whites but not for non-whites.^\[[@R32]\]^ This is consistent with Atherosclerosis Risk in Communities Study findings that demonstrated a stronger relationship between neighborhood SES and hospitalization for incident coronary artery disease in whites compared to blacks.^\[[@R32]\]^ In our study, the non-significant relationship between neighborhood SES and CV hospitalizations in non-whites may be due to insufficient power due to a low proportion of such patients in the highest neighborhood SES quartile.

Second, previous studies in older adults have found neighborhood SES to be associated with adverse health outcomes.^\[[@R34],[@R35]\]^ However, we did not find a significant association between neighborhood SES and hospitalization in older adults with CKD, although the relationship was significant in individuals less than 65 years of age for all-cause, non-CV, and CV hospitalizations. Our findings were similar to Hofer who found that the impact of community-SES on hospitalizations diminished with age.^\[[@R7]\]^ One potential explanation is that older adults may be more likely to have a usual source of care due to chronic medical conditions and Medicare coverage which enables them access to health promoting resources to avoid unnecessary hospitalizations. In addition, older adults with CKD may be at such high risk for hospitalization that neighborhood SES has less of an impact.

Our work is consistent with prior research that supports the importance of location of residence as an important influence on health outcomes and access to care, particularly for patients with CKD.^\[[@R17],[@R36]--[@R39]\]^ Areas for further examination include how neighborhood impacts health outcomes like hospitalizations, and how we can ameliorate these impacts in low SES areas. One obvious impact of low income neighborhoods is compositional.^\[[@R40]\]^ Individuals of low SES, by definition, are more likely to live in low SES areas and are more susceptible to poor health outcomes. We saw evidence of this compositional effect in our work. Participants in low SES neighborhoods were more likely to have low individual SES and a greater burden of disease. Individuals in low SES neighborhoods, although insured, may have had health insurance that limited access to affordable, timely, high quality outpatient care. However, the association of neighborhood factors was observed above and beyond individual-level characteristics. Lower SES neighborhoods may have fewer health promoting resources such as grocery stores, recreational facilities, and pharmacies.^\[[@R41],[@R42]\]^ These neighborhoods may also have greater health reducing characteristics such as increased crime and disorder, more fast food restaurants, and easier access to alcohol.^\[[@R42],[@R43]\]^ Finally individuals within low SES communities may have lower health seeking behavior due to reduced access to health facilities, lower quality health care facilities, or differing peer norms.^\[[@R44]--[@R46]\]^

We also found that neighborhood affluence, not poverty was associated with health effects. We define affluence as neighborhoods that have high SES characteristics included in our analysis (e.g., household income, property value, households receiving interest, dividend, or rental income, education, occupation). Individuals in the highest SES neighborhoods had lower hospitalization rates compared to all other neighborhood SES categories. Our work is consistent with a growing body of literature that focuses on health promoting aspects of neighborhood affluence.^\[[@R47]--[@R50]\]^ Prior work suggests that affluence might be a better indicator of health-enhancing resources than poverty. Health services, recreational spaces, and attention to disorder may be more strongly associated in neighborhoods with socioeconomically advantaged residents who select neighborhoods based on the presence of these advantages and who have the resources to mobilize on behalf of a health-enhancing environment.^\[[@R47]\]^

There were limitations to our study. First, we were not able to assess the appropriateness and preventability of hospitalization. Future work should examine the association between neighborhood SES and preventable hospitalizations based on ICD-10 codes. Second, our primary outcome, hospitalization, was ascertained based on self-report. To reduce recall bias, participants were asked every 6 months about hospitalizations which were confirmed by queries of local hospitals. Third, we used census block group as a proxy for neighborhood SES. While census block groups may not directly correspond to neighborhood or community areas, they are relatively small areas with socioeconomic homogeneity and serve as a reasonable proxy for the surrounding social and geographic environment.^\[[@R22]\]^ Additionally, we had a high rate of missing data for geocoding. Some bias may have been introduced but our analytic sample did not appear to differ significantly from the overall sample on important clinical and demographic characteristics. Finally, our results may not be applicable to countries with markedly different socioeconomic or medical contexts. Despite these limitations, our study had many strengths including the racially and geographically diverse sample of patients with a broad range of kidney function and the ability to comprehensively assess clinical factors, as well as individual and neighborhood SES.

Among adults with CKD, living in a low SES neighborhood is associated with an increased risk for hospitalization even after accounting for individual SES and health status. These findings suggest consideration of novel policy and system-level public health and primary prevention approaches within disadvantaged communities to improve outcomes for individuals with CKD.
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